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. . . DETERMINATION OF VEHICLE ROLLIRG RESISTANCE ALD AERODYNW{IC DRAG

D. K. Lynn, i?.B. ~ccormi~kt R. E* Bobb”~t~
C. R. Derouin, end J. Nachamkin
Los Alamos Scientific Laboratory

P. O. 6tiX 1663
Los Alamos, W81545

U. Kerwin
Department of En ineering

iUnlvers.ityof rizona
TUCSOiI, AZ 85721

The retarding forces on a vehicle are character-
ized by rolling resistance (kr) and aerodynamic dra9
(CdA). These forces determine power requirements for a
specified vehicle performance (particularly important
for an electric vehicle) and are necessary inputs for
any vehicle simulation. Both kr and CdA i?redetermined
for a number of vehicles and the testing and data anal-
ysis techniques are described.

Roll-Down Equatims

Straight-llne vehicle motion on a level surface
is dmcribed approximately by

PcdAF.~~+w(kr +sina)+~(v+w)2 , (1)

where F =
w.
v=
w=

a“
t.
kr .
P=

,’

road force. DOUtIdS

vehicle weight, pounds
vehicle velocity, miles per hour
velocitv of wind commment parallel to.
vehicle and in opposite direction,
miles per hour
slope, degrees
time, seconds
rolling resistance
alr density, lb/ft3 (o= 0.0766
at 150C, 1 atm)
drag coefficient
frontal area, ft2.

Uhen the vehicle IS coasting, F = O and

PCdA
$ = -21.95(kr+ slna) -- (v+

For a level surface and no wind, th’
solution

v=ytan O(tf-t) s

>- tan 13t

9 ~,

l++tan Ot

(2)

Pkr CdA
132= 16.10 — w’

and

V. = initial coast-down velocity.

Equation (2) indicates thet for coast down with
constant grade and w = O, acceleration is a linear
function of v2. Then if acceleration is calculated
f om the coest-down data and plotted as ? function of
$v , the linear regression line can be used to calcu-
late kr andpCdA. The correlation coefficient provides
an indication of the quality of the data (provided a
reasonably large number of points are used).

If the wind is not ncqligible, ; versus V2 from
Eq. (2) departs frcm a straight line. Ic!eally, the
coast-down tests should be done with no wind; hcw’ever,
program schedules end deadlines rarely permit this
luxury when a nuvber of vehicle: arc to be tested.
Therefore, the effects of the wind were analyzed ap-
proximately so that corrected values of kr w! CdA can
be obtained. In additi~n, the wind ctn be calculated
from the coast-down data and compared with the value
measured at the time of the run.

14hen a vehicle is being characterized with coast-
W)2 . down runs, half of the runs should be done in one di-

rection, the other hclf should be done in the opposite
direction. This partially cancels the effects of wind

s equation has the and grade. To illustrate, Fig. 1 shows ~ versus V2 for
a number of east and west runs done with a VW Rabbit.
The linear regression lines for each direction are also
shown, The different slopes of the east and west re-

(3) gresston lines are caused by an
approximately 5 mph.

The approximate effects of
talned from the east and west
which are

east to west wind of

the wind can be ob-
coast-down equations,

p$jA
-#E = 21.95 (kr + sfna) + -~jG~ (VE + W)2

. (4)

where

1



.

b

-----.

..- .
I

—-.

1~}w“
w:.:q_:.....g:%<:,.++...-.,._-.,‘- L.-

T
-+--l-—---+--- ------

,:, . II t!
v,. ,.;:. ;.,:. .,, : ., ::’ ,.: ‘“,.. . .tAST

:;. . . . . ‘, ., :::.:, ‘.....’. .: .’.... , $W:$l
. ..- ..— — ,. ’.. . . . . . . . . . ::- .4 t . .

,, : ,. --” ~:, , ,, ;:: :

1

..-. —.- . .:E.032ds*2 2!3110 Vc

::..:. .:..’.:..‘.”:..., .,. ...” ::,’
.,:. .. :.;,..:::... :..,,,:,,...:,,.

.:*.03:43+ I 397 a 10”’8.’
., ., :..,:: ,..

... .- : -: L--+-++ -–~\-\
;.’

,,’,,; :“ ~ :fl: “~”~! ~ % ? !:’ E R E 1? B B ~ !, B !,.

‘.~_k__.:Lu_d . . ..”.l.,um,,um \ . . . !.. Y .i -......1

Fig. 1. Accclcratfon as a fUflCtlOflOf v? for a VW
Rabbit.

and

PC(,A
-tU = 21.95 (kr - sin a) +~3-~4~ (VN - W)2 . (5)

where im east to west wind is positive. If tho wind
effects arc!small, Eqs. (4) and (5) can be appt’oximoted
by

-;E I [)E + ME VE2

WI(I

I

-iWr nk, + ~ VW2 ●

kherc the effects of the wind modify thr?D iInd!’
ficirwts. If tho l(!il’i+t squdrc error crit(’riorl
tomotch Eqs. (G) WI (7) with Iiqs.(4) md (5),

l)cdA f+~vow) ,BE @ 21.95(kr + sin u) + .I,ztlfi

(6)

(7)

,(f-
(I

(8)

(9)

(10)

The B’s and M’s are the intercepts and S1OPCS of”
the cast and west lint?~rregression lines; the values
obtain?d for the VW Rabbit are given in Fig. 1. Then
Eqs. (8) through (11) can be used to determine w, CdA,
?nd kri Frovi(fed the vehicle weight and air density are
known”

8 ‘E-%-—w“-@oME+Mw ‘

1.364WCdA z- ~B— (ME + MH)

and

(12)

● (13)

BE+ Bw - (ME + MW)W2
kr = --—y7.j-35-–— ●

(14)

The coast-down data art’then analyzed in th~ fol-
lowing manner. First, a linear regression analysis is
pt?rformedon all the e~st runs and all t$e west runs
(an equal number in each direction should be USC(I).
Next.,Eqs. (12), (13), ond (14) arc usrd to verify the
wind velocity then calculate CdAand kr. If O versus
(v ~ w)? or V2 is plotted using the correct value of
wind, Eqs. (4) and (5) indicate that the ust ml west
rwjrcssion lines should ho porollcl. This provfdcs iIII
additional clwck on th(:dato and the calcul,~tions..An
examplu of the procr!ssis given in the results section.

TfistProcrdllros............ . ....

Roll-down tests vipr~conc!uctrd on i} number of vr,-
hiclcs iit the Albuquerque, Nrw Mexico, drag strip, At
least.(our rum wcro mcde for eoch vi?hiclu;one run in
CIICIIdirection frcm appraximc!tc}ly60 to 35 mph and froln
apprnximat(!ly 40 to O mph. “!hc SyStClll USCd for’ t,hc

tests horli! fifth whrx!l fm?ding 100 pul!ms/ft in!o a
microcompllbr systcm,l Tium is n:rmsurrdto tlm ncorest
0,01 S, V(!lncily tu tlw nedf”r!st0.1 mph, and djsti)ft~(!

to the nrarr~t foot. Velocity dnd distance were sovrd
in reed/write memory dt 1-s intervals, tlio)sturrd on
trlll~lllOtic tdpu 0!. the cnd Of Cil(h run. IINJ tdpcs arc
us(Idas input to P101 routinrs ond for dots reduction
programs thal calcultri.eCdA nnd kr.

Lxtrtmw cm was tokr!n {n conducting thv coast-
down tvsts so tlIdl valid d,lt~would h obtaini)(l, VP-
htclc?swor[? thoroughly wornx’d up, v@ighr?d, tilr pros-
surcs chcckt’d, windows rolled up, and wind velocity,
dir tcmprrdturct and air pro~surc wero mcasurud. Thu
drag strip wds survcycJ iImJ tho quortcr mite section
wos found to be lCVV1 (avcrnge grade 0.006%, rr~xinmm
grodv O.O)X). The maxlrutn qrodc wds 0.25% at the cnd
of the decclcrot{an trdck. This would clmgc the Jc-
cclcration by 0.064 mph/s antf,for o 3000-lb cnr, would
changI?the force by 0,7 lb. lhis partion of the trock
w&s not Uswl for coast-down tests. Equation (10) or
(]i) shows ttlot a CullStulltwind V@lOCtty Changes c“’
by a factor

(11)
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?6“
. for a one-way run. For a 5-mph wlrid and an Initial.

velocity of 60 mph, the factor is 1.156. When the
two-way average Is taken, this error is substantially
elimfnatt?d.

It was found that vibration and bounce of the
fifti!wheel seriously affected th( ‘?st-down tests.
A substantial )ffort was made “ ? wheel vibra-
tion end bounce. A smooth test also an im-
portant factor tnmtnim{zlng vibrat bounce.

Most of the data analysis and ) Ion was clone
on a HP-9820A desk calculator with a 9, ink plotter.
Both calculator and plotter were taken to the test
track so that plots could be ootoined and data analyzed
on the spot. lhls provided valuable feedback for eval-
uating the quality of data obtained and the t?ffcctsof
factors such as wheel bounce, wind, and variations in
track grade.

Results

As an example, CdA and kr wI1l be calculated
for a VW Rabbtt from data obtafned from the Albuquerque
roll-down tests. Five runs were done in each direction
and data were saved at 1-s Intervals, Figure ? shows
a v versus t plot, corresponding to Eq. (3), for onc
of the runs. The V versus V2 plot for all 10 runs
and the ltncar regression line for each dircctiou are
shown In Fig. 1. In addition, the Valyes of YE, Nw,
flk,and Bw are given In the equation for VC and Vw.

The altitude of the Allmqucrque drag strip Is
5000 ft, the pressure was 24.9 in. of mercury, and the
ambient temperature was 250c, The density of dry air
Is

P = Po(To/T)(p/po) s

where PO IS a known density ot absolute temperature
TO ml pressure Po. Since

P. ~ 0.0766 lb/ft3 at 150C, 1 ~tm (?9.9? in. of
nl~rcury)
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Fig, 2. Coast-down plot for a VW Robblt.
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Fig. 3. Acceleration versus V2 corrected for wind.

the corrected air density is

The test weight,of the Rnbbit was 2500 lb ond the ini-
t!al coast-down velocity WiIS 6?.3 mph. Then, usingt,h~
v.?luesin Fig. 1, the calculat.cdwind 1s

?.2?3 - 1 597
-8 X 62.3 X., , - .~.
15 /./13 “~1.5!)7

5.37mph (cast to west).

acrodynomtc drag anclrolling friction arc

r lo.!i

r 0.0146.

It was potnlrd out shove tllotwh[>n ~ vtlrsus v?
Is plotted usfng t.lwcorrect value of wind, thr c;lst,
and west rc ression ltnl’ssllo!jldbe parallel.

Y
F {~)tlrc!

3 shows a p ot of $ Wsu!i v~ anti th~ two rugrcssiorl
llncs for a 5.4mph east to west wtnd.

Acccleratfon was calculated every second tmd ve-
Ioclty was mcdsurcvl to the neorcst 0,1 mph. ?t~is al-
lows e same o{r~ction run-to-run variotion of 0.2
~p~:;,3 This occounts for much of the scottcr i,lFigs.

.

?ho some tcchnlque is used to calculote rolltng
frfctfon ond awoclynornfc drag for the other vchjclcs
tested. lhc results arc tahuldtcd In Toble 1. Those
results huv~ hecn used III a tt?chn;cal and econcmlc
evaluation of fuel-cell powered vchfclus. Thc,y have
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TABLE I

Vehicle

Honda Accord

VU Rabbit

Ford Granada

Ford Pinto

ElectraVan

Ford Pickup Truck

Air Force Truck (1-1/2-ton Dodge)

Air Force Bus

Toyota

GMC plus Camper

Ford Van

0.0166

0.0146

0.0164

0.0166

0.0183

0.0197

0.0142

0.0117

0.0129

0.0170

0.0155

.,

also been used as i~put to a computer program capable.
of detailed simulation cf a battery-powered or fuel-

CdA cell/battery-powered electric vehicle.
—

10.4 &ference
10.5

12.8 1“

13.6

14.4

26.7

38.7

39.2

11.6

56.7

24.5

D. K. Lynn, C. R. Derouin, and P. Lamar, “Micro-
processor-based System for Roll-Down and Acceler-
ation Tests.” to be published in Proc. 29th Ve-
hicular Technology Conf., Arlington, Illinols,
March 28-30, 1979.
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